Cell-to-cell communication mediated by the evolutionary conserved Notch signalling pathway regulates cell fate decisions and patterning in various tissues in diverse organisms (Artavanis-Tsakonas et al., 1995, Science 268, 225±232). Signalling between neighboring cells is transduced by binding of DSL and Notch proteins which interact as ligand (DSL) and receptor (Notch). Mouse Delta1 (delta-like 1; Dll1) encodes one of the four known mammalian DSL proteins and is essential for normal somitogenesis and neuronal differentiation. Here, we describe Delta1 expression during organogenesis and fetal development using the highly sensitive histochemical detection of the lacZ gene product expressed from a targeted Delta1:lacZ knock-in allele (Dll1 lacZ ). We ®nd that Delta1 is expressed in epithelial ducts of several organs, skeletal and smooth muscles, the central nervous system, as well as some sensory epithelia. q
Results
To identify tissues potentially requiring Delta1 function we analyzed its expression in heterozygous Dll1 lacZ mouse embryos which are phenotypically normal. As has been shown for embryonic stages until 12 days post coitum (dpc), the expression of the lacZ gene in Dll1 lacZ heterozygous mice re¯ects the normal pattern of the endogenous gene (Hrabe Â De Angelis et al., 1997) . This is true also during subsequent development (compare in situ-hybridizations and detection of b -galactosidase activity in Fig. 1D ,E, or Fig. 1F ,H). However, in our comparison the histochemical detection of the lacZ gene product has proven more sensitive than the detection of Delta1 mRNA by in situ-hybridization. Therefore, we describe Delta1 expression by detecting b -galactosidase activity in all major organs of heterozygous Dll1 lacZ fetuses during organogenesis and fetal development with emphasis on sites outside the CNS.
Expression in developing epithelial ducts

Dll1
lacZ was expressed in tubules of the degenerating mesonephric tissue in day 13.5 ( Fig. 1A) and 15.5 embryos, consistent with the presence of Delta1 mRNA in tubules at earlier stages (Bettenhausen et al., 1995) . In the developing metanephric kidney of day 13.5 embryos, the mesenchymederived comma-and sigma-shaped bodies expressed lacZ (Fig. 1B) . Expression was maintained in the cortical induction and maturation zone where nephrogenesis takes place (Fig. 1C±E) . Expression was detected in foci of epithelial cells of the developing bronchi after day 13.5 ( Fig. 1F±I ) and in developing epithelial ducts of the pancreas (Fig. 1L ). In the nasal region, high levels of expression were found in ducts of the serous glands on day 15.5 ( Fig. 1J,K ).
Expression in muscle cells
Like Delta1 mRNA, Dll1 lacZ was expressed in the myotomes of differentiating somites ( Fig. 2A) . Similar to Delta1 expression in the chick wing bud (Vargesson et al., 1998) , cells in the developing limb reminiscent of migrating myoblasts expressed Dll1 lacZ starting at day 11.5 ( Fig. 2A ). Subsequently, expression was found in virtually all skeletal muscles (Figs. 1F and 2B,C). In addition, expression was found in the external longitudinal and internal circular smooth muscle layers of the gut (Fig. 2D ) and the stomach wall (Fig. 2E ). Expression in skeletal muscle was strongly reduced by 17 dpc (Fig. 3D ) and was no longer detected in new-borns (not shown). 
Expression in the brain and neuroepithelia
In the central nervous system, Delta1 was expressed throughout embryonic development in speci®c regions of the developing brain and spinal cord. In the brain, particularly strong expression was found in the choroid plexus, the ventricular zone of the neopallial cortex, the mammillary body, in speci®c layers of the midbrain and in the pons (Fig.  1M and data not shown). On embryonic day 13.5 and subsequent stages, Dll1 lacZ was detected in the basal layer of the olfactory epithelium (Figs. 1J and 3C ), as well as the sensory layer of the retina (Fig. 3B ). Similar to Delta1 expression in chicken and zebra®sh (Haddon et al., 1998; Adam et al., 1998) , but in contrast to a recent report on expression in the mouse , we ®nd that in the inner ear Dll1 lacZ is speci®cally expressed in the sensory patches (Fig. 3A) , as discussed in detail in the accompanying paper by Morrison et al., 1999 .
Expression in other cell types
Dll1
lacZ was expressed in endothelial cells of all major blood vessels analyzed so far (Fig. 3D,E) . Reminiscent of delta expression in chicken feather arrays (Crowe et al., 1998) , Dll1 lacZ was expressed in the dermal papillae of developing hair follicles and whiskers (Fig. 3G,H) . Starting on day 15.5, expression was also found in the stratum germinativum of the epidermis (Fig. 3G) . During tooth morphogenesis (not shown), Dll1 lacZ was detected consistent with the speci®c pattern recently reported by Mitsiadis et al., (1998) . Other sites of Dll1 lacZ expression included dispersed cells in the spleen (not shown), and mesenchymal cells underlying the epithelial thickening of the palatal rugae (Fig. 3F ).
Materials and methods
Embryos were collected from timed pregnancies and stained for b -galactosidase activity either as whole mounts (13±15 dpc) or after dissection of tissues (15 dpc and older) as described by Zachgo and Gossler (1994) . Stained embryos or tissues were paraf®n embedded, sectioned at 7±10 mm, and stained with eosin according to standard procedures. The Dll1 lacZ allele is described in Hrabe Â De Angelis et al., (1997) . For detection of Delta1 mRNA, organs were dissected from 15 dpc fetuses, processed for in situ-hybridization following standard procedures with a Digoxigenin-labelled probe (Bettenhausen et al., 1995) , embedded in 3.5% agarose, 8% sucrose and sectioned at 50 mm using a vibratome.
